arid and Mediterranean environments, where water availability represents more of a constraint.
We define a canal as an anthropic structure receiving and conveying concentrated water flow and deriving all or part of the water coming from a natural channel or from another water origin. The study of canals is understood primarily from a spatial point of view (referring to the terms of landscape, network or watershed) and in an interdisciplinary research context. As such it requires the integration of different approaches (photo-interpretation, archaeology, texts, ancient maps, geoarchaeology, geochronology, palaeobotany…). We would like to present in this introduction some key issues related to the study of canals during the Roman period and put the articles of this volume into perspective. We present first a state of the art in roman canals studies and highlight the large range of canals constructed in the Roman world. Afterwards, we emphasize the difficulties to locate and identify these canals. Once the roman canal identified with certainty, its structure and infill are studied in terms of construction/use/abandonment in order to appropriately discuss its function.
This special issue comprises five papers concerning sites located in the western part of the Roman Empire. The first two articles focus on the Tiber delta, around the ancient Roman harbour of Portus. The paper of Keay et al. provides new data using extending magnetic surveys around Portus and draws a landscape intensively excavated by canals with different functions (drainage, navigation or canals associated with saltworks). The second paper, written by Salomon et al. develops a multidisciplinary research, focussing on one of these canals, which was initially dedicated to navigation and was probably used as a harbour canal. This canal was precisely located by magnetic surveys, and its study provides a high resolution analysis of the sedimentary infill that allows the authors to reconstruct and understand its evolution through time. The third paper, written by de Kort et al. concerns another canal in a deltaic area. Located in the northern fringe of the Roman Empire (Limes Germanicus), this canal was excavated to allow navigation between the Rhine and Meuse Rivers. Evidence fits well with a canal excavated by the Roman general Corbulo, quoted by Tacitus (Ann., 11, [18] [19] [20] and Cassius Dio (Rom. Hist., LXI, 61, 30, [4] [5] [6] . The fourth paper deals with a riverine and marshy plain of the Upper Rhône valley. The authors, Bernigaud et al. analyse gravity irrigation systems dedicated to watering meadows. They focus on the development of Roman hydraulic systems in connection with the urban expansion in the Northern Province of Gallia Narbonnensis. Based on numerous radiocarbon datings, they trace the development of hydraulic in the region back to several centuries, thanks to the identification of Gallic or even earlier canals (early Iron Age). The last article, by del Arbol Moro et al. presents a synthesis of archaeological studies undertook on the exploitation of Roman gold mines located in the northwestern Iberian Peninsula. The authors focus on the canal networks put in place by the 1st c. AD and their use for the extraction and the washing of ore. The authors emphasize the changes in the landscape morphology generated by these operations.
Roman canals studies
Canals can be considered as the basic structure of hydraulic systems. They are key elements for the understanding of broader issues: environmental change and human forcing (Berger 2008) , socio-economic and political contexts for the emergence of complex societies (Uggeri 1997; Wilkinson 2013; Wilson 2012a, b) , ancient know-hows and techniques (Moore 1950; Leveau 2006a (alluvial, lacustrine, coastal, mountainous…) , in different climates (temperate continental or temperate oceanic, arid and Mediterranean). Different previous local practices were probably adapted and exposed to practices transmitted by Romanization. This resulted in a wide variety of canal designs, uses and functions from one period to another, from one place to another, from a local scale (the stretch of a canal) to the scale of a landscape or territory (a canal network).
Drainage ditches (Burnouf and Leveau 2004; Leveau 2007) and aqueducts (Ashby 1935 Hodge 2001 are two types of canals often associated with the Roman civilization, but they represent only a part of the hydraulic networks built during this period. Canals for irrigation, navigation or diversion canal for specific purposes, such as those related to mills or mining, are also characteristic of the Roman world. They have been largely neglected in previous publications, or simply drawn on maps alongside archaeological sites. Therefore, often, they have not been studied from a socio-environmental perspective.
Canals are anthropic structures dealing with hydrosedimentary fluxes controlled by socio-environmental processes. In this respect, they are specific research objects at the crossroads of historical, archaeological, landscape and paleoenvironmental studies. Like the study of ancient harbours (Goiran and Morhange 2003; Marriner and Morhange 2007; Keay 2013) , canals are matters of interdisciplinary researches and discussions (Berger and Jung 1996; Berger 2000 Berger , 2008 Leveau 2006a; Bernigaud 2012; Salomon 2013 ).
Identification of ancient roman canals
There are different kind of canals and different states of preservation. The identification of a canal is sometimes unnecessary (e.g. in the case of the aqueduct of Pont du Gard), or can be in other cases almost inextricable (Rescanières 2002 for the Canal de la Robine near Narbonne). It is possible to deplore the lack of written sources preserved today from the Roman period. However, the information available through these texts allows us, under rigorous scientific work, to engage complex and creative thinking, and to limit speculation.
Ideally, identification of canals is possible through the analysis of archived data (aerial photographs, old maps, inscriptions or ancient texts, old publications etc.) and through fieldwork (archaeological and geophysical surveys, excavations and cores). However, even if the study area offers a large amount of archived data and the research fields are diversified, the identification of a canal can remain difficult. This complexity depends on the original structure of the canal and on the local post-depositional processes that affect the state of preservation and the burial of the canal. Three main questions should be raised when searching for hydraulic structures:
1. Is the alignment observed by aerial photography, geophysical survey or else, the evidence of a channel or an earthen path? 2. Is this feature a channel, a channelization or a canal? 3. Can the information provided by written archives be combined with field data?
These questions can be answered when taking into account: the canal in its context (location and topography of the site, orientation of the canals and their connections); its profile; the sedimentary deposits trapped inside the canal; dating; archaeological structures associated (docks, mill, mole of derivation, etc.) and texts. Every article in this special issue presents a different set of data. It is interesting to read how the arguments are constructed for each of the items that lead to the identification of a canal (we emphasise that the first two papers written by Keay et al. and Salomon et al. are related to a common research project).
It should be noticed that the study of written archives can sometimes lead to questions 1 and 2 as well. In his description of the Nile Delta, Herodotus mentions five natural mouths of the Nile and two artificial mouths called Bolbitine and Bucolic (The Histories II, 10 and 17). A question is asked rightly by Carrez-Maratray (2003): How could Herodotus know whether they are natural and artificial canals? (in case of rechanneling of the canals). No definitive answer is proposed by the author, but this point still remains an important keyquestion in our understanding of the Herodotus geography. Archaeologists and geoarchaeologists are also involved in this research and attempt to identify both previous Nile River channels and canals (Bietak 1975; Stanley and Warne 1993) .
What are the evolutions of canals through time?
An important challenge is to place the canal, or the canal network, in its temporal frame. Each canal stretch has its own evolution that can be defined in a relative chronological framework including: (1) the excavation, the construction; (2) the functioning periods; and (3) the abandonment. Afterwards, these events have to be dated using absolute and relative dating (radiocarbon dating, dendrochronology, Optical Stimulated Luminescence, archaeological evidences, ceramics).
Expertise, planning, excavation and construction
The attempt to identify elements related to the initial phase of the canal is fundamental but brings out some problems of preservation in the field. In fact, natural processes (changes in energy flows and transported sediments) and successive man-made operations (including dredging and cleaning) modify the initial cross-section of the canal and may remove early stages of deposition. These problems appear to varying degrees in each of the case studies presented in this issue of Water History (uncertain dating of the first canals uses in Bernigaud et al. initial depth probably removed by floods that entered the Canale Romano in Salomon et al. complex chronology of canal networks in mines in northwestern Spain in Arbol Moro et al.). Using field data, researchers are often dealing with the difficulty of identifying the initial planning of a canal network. This is especially true for canal networks identified in the margins of the Roman world, very different from the classic models associated with Romanization. Thus, in these cases, it is easier to study changes and subsequent adaptations, or to study human-environment interactions within a specific landscape (e.g. (Brigand 2010; Chouquer and Favory 1991) are without doubt governed by planning. Ancient texts clearly express the expertise and the planning involved (archives on Roman surveying are discussed in Chouquer and Favory 2001) . Technology, knowhows and knowledge transfer play a very important part in the installation and the development of water networks, even in the margins of hydraulic empires. Their study raises questions about the modes of expression of the Romanization, its acceptance by local societies and the persistence of technical and cultural traditions (Leveau 2006a; Kamash 2012) .
Operation and maintenance
The use and life of a canal depend on 1-the natural adjustment of the canal network included in the river system (Berger 2008 ) and 2-the social, political and economic context. This can be expressed in terms of representation, adaptation/adjustment between both environmental changes and needs of societies (Van der Leeuw 2002; Lévêque et al. 2003; Berger 2008) .
Natural adjustments, which impact canal shape and consequent longitudinal and transversal cross-section (following episodes of river incision, filling or lateral mobility), are controlled by changes in the hydrosedimentary flow. The latter responds to climate change and land use, which are discussed in detail in different parts of the Roman world (Bravard et al. 1992; Jorda 1992; Arnaud-Fassetta 1998; Allée and Lespez 2006; Berger and Bravard 2012) .
Anthropogenic modifications are visible through canal maintenance (redesign, cleaning), modifications related to infrastructure (restoration of piers dedicated to water diversion…), or even in the addition of structures (lateral structures; transverse structures such as reservoirs, tanks, locks, dams and extensions to the canal network).
Representations, uses and practices of these hydraulic systems within the Roman society are transmitted to us by texts. These texts can sometimes be directly related to the construction and the use of these canals as part of treaties (Frontinus, De aquaeductu Urbis Romae) or legislations (Lloris 2006; Arnaud 2008; Chouquer 2008) .
Abandonment
The abandonment phase may be difficult to identify. Again, the anthropogenic view differs from the naturalistic one. Some canals in operation may have found equilibrium in the riverine/marine/palustrine system in which they are included and persist over time. Depending on the canal function, abandonment can be incomplete. For instance, when a navigation canal is partially filled, it can become useless but only for some kind of boats (e.g. Canale Traverso at Portus in Salomon et al. 2012) . For drainage ditches and irrigation canals, abandonment may be seasonal, or permanent, and these structures might recover their function under certain conditions (Berger 2008; Bernigaud 2012; Bernigaud et al. in this issue) . When changing temporal scale, canal redigging and re-use over previous alignments, several centuries after their abandonment, has also been observed (Berger and Jung 1996) .
Who?
Behind the organization of these hydraulic systems it is obviously possible to foresee the social complexity of the culture that produced them (social hierarchy etc.), and to measure their impact on the social structure and consider the sustainability of a socio-environmental system. However, texts are archives that can tell us about who operated the systems and occupied the territory (continuity of occupation, new settlers), who created the idea or ordered to build canals, who designed, built and maintained these structures (Leveau 1993; Chouquer and Favory 2001) . Texts also help clarify the social position and role of each stakeholder involved in the history of the canal (Bruun 1991 (Bruun , 2012 .
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Which function for which canal?
The functions of canals are included in systems which have several meanings, scales and dimensions (symbolic, political, economic, transportation, strategic, etc.) . Canal networks can be related to an urban or rural setting. For the Roman period, there are numerous studies about canal networks for urban purposes. These studies include canals bringing water to cities (including aqueducts), reservoirs, canals for redistribution (including pipes) and sewers (the best known is the Cloaca Maxima at Rome). In rural contexts, studies focus mainly on drainage ditches (Clavel-Lévêque and Hermon 2004) and centuriation systems (Chouquer and Favory 1991; Clavel-Lévêque and Hermon 2004; Brigand 2010 ). The study of Bernigaud et al. in this issue is particularly interesting since the network he refers to was built out of the great Roman rural development plans and perhaps even inherited from the Iron Age (see also Leveau 2006a) . Independently from this rural or urban setting, canals are related to specific water uses such as hydraulic power. We find an illustration in mining contexts with ruina montium (Arbol Moro et al. in this issue) or to feed mills (Leveau 1993 (Leveau , 2006b ). Canals can be used to regulate water levels over time, such as drainage (ditches), but also for more specific events such as flood-relief (Keay et al. 2005; Salomon 2013; Testaguzza 1970) . Canals can also be used to interconnect inland waterways networks (Rousse 2005; P. Wilson 2012a, b) , sea (Gerster 1884; Isserlin et al. 2003) or in-between both (Keay et al. and Salomon et al. in this issue) .
Specific attention must be paid to not reduce the canal to a single function. Leveau already suggested, in 1993 , that canals in the plain of Arles could have been used for multiple purposes. In some places, the various Roman hydraulic systems (for mining, irrigation, drainage, navigation etc.) seem to have been included in an integrated system. This is well shown in Keay et al. for the Tiber delta and in Arbol Moro et al. for the mines of northwestern Spain. Some texts offer us the opportunity to observe sometimes unavoidable conflicts of interest when water passes through these canals (see the conflict of interest related to water and the presence of canals for the gold mines by the Salassi (Piedmont, Italy), affecting farmers cultivating the downstream plains-Strabo, 4, 6, 7).
Canal function can also have a more symbolic signification, with the aim of elites for instance to distinguish themselves by their possession or their construction for the commonality-i.e. euergetism (Coarelli 2000; Wilson 2012a, b) , for policy and tax planning (Chouquer and Favory 2001; Jaillette and Reduzzi Merola 2008) , for the conquests and defence of the borders of the Empire as well as along the Rhine limes (navigation canals are often excavated during periods of land conquests-see Uggeri 1997; Kort et al. in this volume) or of course for economic purposes (increasing production and transport facilities).
Research perspectives
Canals have been the basic structures of many hydraulic civilizations for the last 5 millennia. The Roman civilisation is one of the most illustrious. Diverting water can be a simple local practice requiring little technical and human investments (Leveau 2006a, b; Bernigaud 2012 ). However, it can also require important works that needed strong support from the Emperor at the time (e.g. Gerster 1884 Johannowsky 1994 on the project of the navigable canal of Nero, which was started but never finished). Despite a few studies such as Berger 2008 for the lower Rhone valley on irrigation canals, drainage ditches etc.; Isserlin et al. in their synthesis published in 2003 focusing on the canal dug by Xerxes during his attempt to invade Greece; Bobée et al. 2011 amongst others for the studies concerning aqueducts, canal are rarely studied from an interdisciplinary approach. The papers in this issue will help to spread this type of approach in other geographical areas and contribute to support an integrated spatial and temporal approach of the canals.
